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PARALLEL INVERSE DISCRETE WAVELET
TRANSFORM

FIELD OF THE INVENTION

The present invention generally relates to wavelet-based
image compression systems and more particularly to an
image compression system that performs inverse discrete
wavelet transform processing 1n parallel to achieve higher
processing speeds.

BACKGROUND OF THE INVENTION

Conventional wavelet-based 1mage compression systems
apply a two-dimensional forward wavelet transform to an
image 1n order to transform the 1mage into subbands. Each
such subband 1s a band pass filtered and reduced resolution
version of the original 1mage. This permits the subbands to
be amenable to compression by various means. Reconstruc-
fion of the original 1mage requires that all such subbands
must first be decompressed, followed by the application of
an inverse discrete wavelet transform (IDW'T) to transform
these subbands back into the original image.

Although the present invention does not depend on lifting
(described below), its utility is greatly enhanced by lifting.
The 1nvention also utilizes tiling to allow random and/or
multiresolution access.

Tiling 1s described 1n detail in U.S. Pat. No. 5,710,835
(hereinafter 835) and the same is incorporated herein by
reference. The mnvention described below 1s fundamentally
different than the system described 1 835 because the 835
system 1s designed to reduce the hardware necessary to
perform the lifting/tiling operations. To the contrary, the
present mvention 1s designed to increase processing speed.
In 1ts operations, the present invention performs many
actions 1n parallel, which actually increases the number of
required hardware components (which is in direct contrast to
the goal of reducing hardware components in ’835). The
"835 patent tiles the 1mage with possibly overlapping tiles,
so as to facilitate random access during reconstruction. This
also 1s done to decrease the amount of processing hardware
and to decrease the required processing speed. As discussed
below, the invention tiles each subband with minimally
overlapping tiles, with no concern towards random access.
This 1s done to increase the amount of processing hardware
in order to increase the net processing speed.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide a structure and method of processing signals, which
includes transforming a signal into subbands by applying
one or more forward discrete wavelet transforms (FDW'T) to
the signals as 1n the Mallat decomposition described in
ISO/IEC 15444-1, partitioning the resulting subbands into
overlapping subband subsets, inverse transforming the over-
lapping subband subsets 1nto signal subsets by applying one
or more inverse discrete wavelet transforms (IDWT) to the
overlapping subband subsets, and combining the resulting
signal subsets to reproduce the signal. The IDWT 1s applied
to all of the subband subsets 1n parallel. The inverse trans-
form operation includes performing lifting upon the subband
subsets to minimize the required overlap between adjacent
overlapping subband subsets. The partitioning 1s performed
so as to minimize an overlap between adjacent overlapping
subband subsets. The mvention can further include discard-
ing excess sample values that occur as a result of overlap
between adjacent overlapping subband subsets.
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The 1nvention can thus comprise a method of 1mage
compression utilizing 1nverse discrete wavelet transforms
(IDWT), including partitioning a set of forward discrete
wavelet transform (FDWT) coefficients into two or more
overlapping subband subsets, simultaneously performing an
IDWT of each subset using lifting (such that an overlap
between adjacent subband subsets is minimized), recombin-
ing the subband subsets, and discarding excess sample
values that occur as a result of overlap between adjacent
subband subsets.

ADVANTAGES OF THE INVENTION

One advantage of the invention lies in speeding up inverse
discrete wavelet transformations (IDWT) of subband data.
This 1s done by partitioning the data mput to the IDWT 1n
a speciic and minimally overlapping manner, to allow
multiple IDW'T operations to be performed on these parti-
tions in parallel. Another advantage of the invention lies in
the reduction of the size required of memory elements used
in storing intermediate values within a multi-dimensional
IDWT. The 1nvention allows such memory element reduc-
tion because the required lengths of these eclements are
proportional to the length of each subset that 1s being 1nverse
transformed. Thus, by reducing the lengths of the subsets,
the required length of the memory element 1s correspond-
ingly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
description of a preferred embodiment of the invention with
reference to the drawings, 1n which:

FIG. 1 1s a schematic diagram 1llustrating the splitting of
a set of subband data 1nto two partitions;

FIG. 2 1s a schematic diagram 1llustrating the implemen-
tation of a prediction filter to produce a high-pass subband;

FIG. 3 1s a schematic diagram 1llustrating the implemen-
tation of an update filter to produce a low-pass subband;

FIG. 4 1s a schematic diagram illustrating a lattice struc-

ture for a lifting implementation of the Legall 5-3 integer
filter pair as 1n ISO/IEC 15444-1;

FIG. § 1s a schematic diagram illustrating a lattice struc-

ture for a lifting implementation of the Debauchies 9-7 filter
pair as 1in ISO/IEC 15444-1;

FIG. 6 1s a schematic diagram illustrating a lattice struc-

ture for a lifting implementation of the CRF 13-7 filter pair
as in ISO/IEC 15444-1,;

FIG. 7 1s a schematic diagram illustrating a lifting imple-

mentation of the mverse discrete wavelet transtorm for the
Legall 5-3 filter pair;

FIG. 8 1s a chart 1llustrating a sequence of calculations for
the lifting implementation of the i1nverse discrete wavelet
transform for the Legall 5-3 filter pair;

FIG. 9 1s a schematic diagram 1llustrating a split lifting
implementation;

FIG. 10 1s flowchart 1llustrating one embodiment of the
mvention; and

FIG. 11 1s a perspective diagram of a computer system for
practicing the invention set forth 1n the preceding figures.

DETAILED DESCRIPTION OF THE
INVENTION

The invention comprises a system and method for speed-
ing up the inverse discrete wavelet transform (IDWT) of
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subband data. This 1s done by partitioning the data mput to
the IDW'T 1n a specific and minimally overlapping manner,
to allow multiple IDW'T operations to be performed on these
partitions in parallel. This partitioning scheme 1s particularly
suited to IDWT schemes that are implemented with the
“lifting” techmque.

Lifting 1s a different approach to the design and imple-
mentation of wavelet transtorm filters. For a given filter parr,
the resulting transformed data i1s exactly the same for a
lifting implementation as it 1s for a conventional implemen-
tation using convolution.

Lifting has the following benefits. The memory require-
ments are reduced by a factor approaching one half, result-
ing 1n conslderable memory savings for multi-dimensional
forward and inverse DWT’s. Also, lifting simplifies the
hardware implementation and 1mage boundaries are easier to
handle with lifting. Further, the output data for any given
subband 1s generated 1n a raster order. However, the data
from all subbands 1s generated in an interleaved fashion.

Lifting 1s an easy means to derive and implement perfect
reconstruction {filter pairs. Once the interpolation filter is
selected (i.e. the high-pass filter), the low-pass filter is easily
constructed using algebra.

Lifting includes three basic steps. First the image 1s split
into two sequences of odd and even pixels. This 1s the “lazy”
wavelet transtorm. Secondly, lifting predicts the odd
sequence’s pixels by interpolation from the nearby pixels 1n
the even sequence and transmits the difference between this
predicted sequence and the actual odd sequence. Thirdly,
lifting updates the sequence of even pixels by adding them
to 1nterpolated versions from the above-predicted odd
sequence. This eliminates aliasing and other deleterious
ellects caused by the 2X decimation that was used to obtain
the sequence of even pixels. Lifting also transmits the
updated even sequence.

As will be shown, lifting results in a simple lattice
architecture for the signal flow diagram. This allows very
straightforward 1mplementations 1in hardware or software.
Any wavelet filter pair designed using the classical Fourier
transform method may be factored 1nto one or more pairs of
such predict-update steps. Lifting may also be used to design
filter pairs that are not easily designed using the Fourier
techniques.

The following examines lifting implementations of the
Legall 5-3 filter pair and the Debauchies 9-7 filter pair as
described 1n ISO/IEC 15444-1.

Examination of the lifting lattices described in the next
section reveals that the high-pass and low-pass outputs are
indeed functions of the correct numbers of input samples. By
writing the sums at each level of these lattices as functions
of the mput pixels 1t can also be seen that lifting 1s alge-
braically 1dentical to the convolution implementation of the
corresponding filter pair.

FIGS. 1-4 illustrate the implementation steps for the
Legall 5-3 filter pair where the high-pass filter=(-Y2, 1, —1%).
FIG. 1 illustrates where lifting splits the input into even and
odd sequences. FIG. 2 illustrates the prediction of odd
sequences and subtraction of the predicted odd sequence
from the actual sequence. FIG. 3 shows the update of the
even sequence to reduce aliasing. FIG. 4 1llustrates that the
combination of the previous three steps (e.g., FIGS. 1-3)
results 1n an easily implemented lattice structure.

By working from the bottom up 1n the FIG. 4, 1t can be
seen that the lifting structure does indeed implement the
low-pass and high-pass filters described above.

The Debauchies 9-7 filter pair (to four decimal places)
consists of: High-pass Filter=[0.0456, 0.0288, 0.2956,
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-0.5575, 0.2956, 0.0288, -0.0456] and Low-Pass Filter=
10.0267, -0.0169, -0.0782, 0.2669, 0.6029, 0.2669,
-0.0782, -0.0169, 0.0267]. The corresponding lifting coef-
ficients are: p,=-1.586134342, u,=-0.05298011854;
p,=0.8829110762, u,=0.443568522. The processing shown
in FIGS. 1-4 on the Debauchies 9-7 filter pair results in the
lattice structure shown in FIG. 5.

The advantages of lifting can be seen in the lattice
structure for the 9-7 filter pair. Firstly, only four different
coellicient values are required for lifting, 1n lieu of the nine
different values required for the original filter pair. If mul-
tiplication i1s done by look up tables, this can be a significant
saving. Secondly, the memory requirements are the five
memory units along one of the diagonals, as opposed to the
nine that would be required for a conventional FIR convo-
lution architecture.

At the left and right edges of these lattice structures (e.g.,
FIGS. 4 and 5), symmetric edge extension may be used in
order to avoid the introduction of unwanted ringing and high
frequencies (which will otherwise reduce the compression
efficiency). Fortunately, the lifting architecture is easily
adjusted to accommodate such edge extension. More
specifically, at each adder in the lattice where a left-hand
input 1s missing, the right-hand 1nput 1s added in twice. This
1s easily accomplished by a left shift of the right-hand 1nput
data just prior to the adder. Similarly, where a right-hand
input 1s missing, the left-hand input 1s added in twice.

The sequence of operations for the lifted architecture 1s
relatively straightforward. Each time an odd element 1is
input, processing proceeds down and to the left, as a series
of left-hand addition operations along the first diagonal
below the mput. This partially completes the processing for
one high-pass and one low-pass output. Each time an even
clement 1s mput, processing proceeds down and to the left
along the connected diagonal, as a series of right-hand
addition operations. Each even input completes the process-
ing for one high-pass and one low-pass output.

If the coeflicients may be exactly expressed as integers, as
in the 5-3 example, then the resulting discrete transform 1is
completely reversible and does not result in any losses.
Furthermore, 1f the integers are small values, the transform
may be implemented with shift and add operations, rather
than with multipliers. However, for the 9-7 example dis-
cussed above, the coefficients are irrational and cannot be
expressed as integers. Thus, the 9-7 filtering can never be
completely without loss. If truly no loss compression 1is
required, these coeflicients may be approximated by
integers, resulting 1n a small loss 1n decorrelation efficiency.
Other integer filters, such as the 13-7 filter pair from
ISO/IEC 15444-1 implemented 1n FIG. 6, may give better
overall performance than the 5-3 filter pair, and are easier to
implement than the irrational 9-7 filter pair.

Referring now to FIGS. 7-8, a hardware implementation
for the inverse Legall integer 5-3 discrete transform 1is
illustrated. This 1mplementation requires three storage
elements, referred to as elements “A,” “B,” and “C”. These
clements can comprise linestores for vertical filtering.

More speciiically, FIG. 7 shows the signal flow diagram
for the inverse discrete wavelet transform of a ten-element
line, as a lattice structure. Each column of this lattice
corresponds to a single storage element (which may be
either a single word or a linestore) and each node within a
column corresponds to different states of that storage ele-

ment as processing 1s done. For this filter pair, as shown in
FIG. 7, only three elements A, B, and C are needed.

A given storage element may be overwritten only after
two conditions are met. First, the element must have been
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completely processed and sent to the output. Secondly, the
clement cannot be needed for any future operations. The
multiplication by -2 near the upper left comer of the lattice
in FIG. 7 has the same effect as reflecting the H_ 1input about
the L_ input, thereby accomplishing the desired symmetric
edge extension on the left-hand side. Similarly, the multi-
plication by 2 near the lower right comer of the lattice in
FIG. 7 has the same effect as reflecting the H3 and 14 inputs
about the H4 imput, accomplishing the desired symmetric
cdge extension on the right-hand side.

Every L,, results in two “left-hand” operations as shown
in FIG. 8. Every H,, results 1n one storage operation and two
“right-hand” operations, generating X, .., and X, .- outputs
as shown 1n FIG. 8. The X, ,. output is just a shift (divide by
four) of one of these right-hand operations. The operations
are similar for different values of N, except the storage
clements A, B, and C are circularly permutated. In general,
cach L, or H,, input requires data to be read from two of the
three storage clements, and the resulting calculations are
written to two of the three storage elements. Pipeline reg-
isters may be 1nserted as needed. All operations shown on a
orven line in the table 1 FIG. 8 may be performed in
parallel. Note that for each H,, the operations shown in
brackets [.] are common to all of the calculations. These
operations may be done once and fanned out, and are good
spots for pipeline registers.

To accomplish symmetric edge extensions, the operations
for L, and H, are different, and two operations have been
added after H, The sequence of operations for [L,, H,, L,,
H,, L,, H;]| shows the pattern of repeated operations. For
horizontal filtering, the processing 1s as shown in FIG. 8.
However, for vertical filtering, each L,; or H,, consists of a
line rather than a pixel. Thus, for each L,, or H,line, the
processing 1s performed on every element of the line while
remaining in the same configuration.

As an example, for the H, line, the first element of line H.,,
the first element of linestore A, and the first element of
linestore B are read, and the indicated calculations are
performed. The results are then written to the first element
of limestore C, the first element of output line X;, the first
clement of output line X, and the first element of linestore

B.

The next element of line H,, the next element of linestore
A, and the next element of linestore B are read, and the same
indicated calculations are performed. The results are then
written to the next element of linestore C, the next element
of output 1n X, the next element of output line X, and the
next element of linestore B. This sequence 1s repeated until
all the elements of 1input line H, has been processed.

When the next input line (L) is read, the operations
shown for the L, configuration are done: Data 1s read from
corresponding elements of line L, linestore B, and linestore
A and C. This 1s repeated until all elements of line L; have
been processed.

The 1nvention can most easily be seen by considering a
signal that has been decomposed 1nto a pair of “lowpass”
and “highpass™ subbands, these subbands were generated
cither by a convolution or a lifting 1mplementation of a
FDWT. The original signal may be reconstructed by the
application of an IDWT which consists of 2:1 upsampling
cach subband, followed by convolution of each upsampled
subband with a discrete wavelet of finite extent, and then
adding the resulting two signals together to completely
reconstruct the original signal. In practice, lifting very
ciiciently combines these reconstruction steps.

If each subband 1s divided into a left half and a right hallf,
as shown 1n FIG. 9, at the division boundary, each stage of
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the lifting operation on the left half overlaps one sample 1n
the right half. Conversely, each stage of the lifting operation
on the right half overlaps one sample 1n the left half. Thus,
the left half may be equivalently reconstructed by first
appending the leftmost lowpass and highpass samples of the
right half of each subband (L., and H,) to the left half of each
subband as shown 1n FIG. 9, and then performing the lifting
operations. The right half may be equivalently reconstructed
by first appending the rightmost higbpass sample of the left
half of each subband (H,) to the right half of each subband
in a similar fashion, and then performing the lifting opera-
tions. The resulting left half and right half reconstructions
may then be jomed together to form the complete recon-
structed signal. This reconstructed signal will be 1dentical to
the signal that would be generated by applying the lifting
operation to the complete subbands.

The advantage of the approach shown 1n FIG. 9 1s that
multiple lifting operations may run in parallel, with each
processing a much smaller number of samples as before.
Thus, if each lattice structure 1s split in half, the number of
lifting operations 1s halved and the overall processing time
1s halved, similarly if the structure is split into thirds the
lifting operation time 1s also reduced to one-third of the
original, etc.

While the mnvention 1s described with reference to 1mage
processing, 1t 1s equally applicable to any form of signal
processing which uses discrete wavelet transformation. For
example, the invention can be casily used with signals
assoclated with audio, video, etc. As shown in flowchart
form 1n FIG. 10, the invention processes such signals by first
transforming the signal into subbands 100 by applying a
forward discrete wavelet transform (FDWT) to the signal,
which 1s then compressed, stored, transmitted, etc. When the
signal 1s to be returned to its original state, the subbands are
partitioned 102 1nto overlapping subband subsets. The over-
lapping subband subsets are inverse transformed 104, in
parallel, into signal subsets by applying at least one 1nverse
discrete wavelet transform (IDWT), and the signal subsets
are combined 106 to reproduce the signal.

In a preferred embodiment, the IDWT 1s applied to all of
the subband subsets 1n parallel. The mnverse transforming
may 1nclude lifting to minimize the overlap between adja-
cent subband subsets. Similarly, the partitioning 1s per-
formed so as to minimize the overlap between adjacent
overlapping subband subsets. The invention also discards
excess sample values that occur as a result of the overlap
between adjacent subband subsets. The transforming divides
the subbands 1nto a highpass subband group and a lowpass
subband group. If the FDWT 1s multi-level, the IDWT 1s

simultaneously applied to each level of the multiple-level
FDWT.

In a preferred form, the invention compresses 1mages
utilizing inverse discrete wavelet transform by partitioning a
set of forward discrete wavelet transform coeflicients mto
two or more overlapping subband subsets, and then simul-
taneously inverse transforming each subset (using lifting to
minimize any overlap between adjacent subband subsets),
recombining the subband subsets, and discarding excess
sample values that occur as a result of overlap between
adjacent subband subsets.

If the partitioning 1s a multiple-level FDWT, the IDWT 1s
simultaneously applied to each level of the multiple-level
FDWT. More specifically, if the partitioning 1s a two-level
FDWT, the IDWT is simultaneously applied to each level of
the two-level FDW'T. Thus, for example, the partitioning

could be a Mallat two-dimensional FDWT. As 1s well-
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known 1n the art, a Mallat transform comprises recursively
applying, 1n each of two separable dimensions, a two-
dimensional FDWT to the low frequency subband of a
previous such two-dimensional FDWT.

The original subbands may be split in this manner as often
as desired 1n order to allow as many lifting operations to
proceed 1n parallel as desired. The overall number of
samples that must be processed 1s only slightly increased by
an amount equal to the total number of overlapping samples

at each lifting stage. In the specific case of the Legall 5-3
filter pair shown 1n FIG. 9, the increase 1s just three samples
per split. This method does not require any changes to the
processing during the forward transform; i1t simply uses
some of the transformed coetlicients more than once.

While the overall methodology of the invention i1s
described above, the invention can be embodied 1n any
number of different types of systems and executed in any
number of different ways, as would be known by one
ordinarily skilled in the art. For example, referring to FIG.
11, there 1s illustrated a computer system 110 for imple-
menting the present imnvention. Although the computer sys-
tem 110 1s shown for the purpose of illustrating a preferred
embodiment, the present immvention 1s not limited to the
computer system 110 shown, but may be used on any
clectronic processing system. The computer system 110
includes a microprocessor-based unit 112 for receiving and
processing software programs and for performing other
processing functions. A display 114 1s electrically connected
to the microprocessor-based unit 112 for displaying user-
related information associated with the software, e.g., by
means of a graphical user interface. A keyboard 116 1s also
connected to the microprocessor based unit 112 for permit-
fing a user to input information to the software. As an
alternative to using the keyboard 116 for input, a mouse 118
may be used for moving a selector 120 on the display 114
and for selecting an item on which the selector 120 overlays,
as 1s well known 1n the art.

A compact disk-read only memory (CD-ROM) 22 is
connected to the microprocessor based unit 112 for receiving
software programs and for providing a means of 1nputting
the software programs and other information to the micro-
processor based unit 112 via a compact disk 124, which
typically includes a software program. In accordance with
the mvention, this software program could include the image
assessment program described herein, as well as programs
that utilize 1ts output, such as the automatic 1mage database
classification program. In addition, a tfloppy disk 126 may
include the software program, and be inserted into the
microprocessor-based unit 112 for inputting the software
program. Still further, the microprocessor-based unit 112
may be programmed, as 1s well known 1n the art, for storing
the software program internally. The microprocessor-based
unit 112 may also have a network connection 127, such as
a telephone line, to an external network, such as a local area
network or the Internet. The program could thus be stored on
a remote server and accessed therefrom, or downloaded as
needed. A printer 128 1s connected to the microprocessor-
based unit 12 for printing a hardcopy of the output of the
computer system 110.

Images may also be displayed on the display 114 via a
personal computer card (PC card) 130, such as, as it was
formerly known, a PCMCIA card (based on the specifica-
tions of the Personal Computer Memory Card International
Association) which contains digitized images electronically
embodied in the card 130. The PC card 130 1s ultimately
inserted 1nto the microprocessor based unit 112 for permat-
ting visual display of the image on the display 114. Images
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may also be input via the compact disk 124, the floppy disk
126, or the network connection 127. Any 1mages stored 1n
the PC card 130, the floppy disk 126 or the compact disk
124, or 1input through the network connection 127, may have
been obtained from a variety of sources, such as a digital
camera (not shown) or a scanner (not shown). The system
would then automatically perform the IDW'T methodology
discussed above and output the decompressed 1mage on the
display 114, through the printer 128 or back to the network
127.

This method may be applied to a multi-level transform,
since a similar overlap of coeflicients occurs 1n each addi-
tional transform level. This method may also be applied to
cither or both dimensions of a two-dimensional wavelet
transform.

While the invention has been described 1n terms of a
single preferred embodiment, those skilled in the art will
recognize that the mvention can be practiced with modifi-
cation within the spirit and scope of the appended claims.

PARTS LIST

110 computer system
112 microprocessor-based unit
114 display
116 keyboard
118 mouse
120 selector
122 CD-ROM
124 CD
126 floppy disk
127 network connection
128 printer
130 PC card
What 1s claimed 1s:
1. A method of processing signals comprising;

transforming a signal 1into subbands by applying a forward
discrete wavelet transform (FDWT) to said signal,;

partitioning said subbands into overlapping subband sub-
Sels;

inverse transforming said overlapping subband subsets
into signal subsets by applying at least one inverse
discrete wavelet transform (IDWT) to said overlapping
subband subsets; and

combining said signal subsets to reproduce said signal.

2. The method 1n claim 1, wherein said IDWT 1s applied
to all of said subband subsets in parallel.

3. The method 1n claim 1, wherein said imverse transform-
ing 1includes performing lifting upon said subband subsets to
minimize an overlap between adjacent overlapping subband
subsets.

4. The method 1n claim 1, wherein said partitioning 1s
performed so as to minimize an overlap between adjacent
overlapping subband subsets.

5. The method 1n claim 1, further comprising discarding
excess sample values that occur as a result of overlap
between adjacent overlapping subband subsets.

6. The method in claim 1, wherein said transforming
comprises dividing said subbands into a highpass subband
cgroup and a lowpass subband group.

7. The method in claim 1, wherein said partitioning
comprises a multiple-level FDW'T and said IDW'T 1s simul-
taneously applied to each level of said multiple-level FDWT.

8. The method in claim 1, wherein said signal subsets
overlap.

9. The method 1n claim 1, wherein said lifting minimizes
an overlap between adjacent overlapping subband subsets.
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10. The method in claim 1, wherein said partitioning 1is
performed so as to minimize an overlap between adjacent
overlapping subband subsets.

11. The method in claim 1, wherein said transforming
comprises dividing said FDW'T coeflicients 1nto a highpass
subband group and a lowpass subband group.

12. A method of image compression utilizing inverse
discrete wavelet transform (IDW'T), comprising:

partitioning a set of forward discrete wavelet transform
(FDW'T) coefficients into two or more overlapping
subband subsets;

simultaneously performing an IDW'T of each subset using,
lifting, such that an overlap between adjacent subband
subsets 1s minimized;

recombining said subband subsets; and

discarding excess sample values that occur as a result of

overlap between adjacent subband subsets.

13. The method in claim 12, wherein said partitioning
comprises a multiple-level FDW'T and said IDW'T 1s simul-
taneously applied to each level of said multiple-level FDWT.

14. The method 1n claim 12, wherein said partitioning
comprises a two-level FDWT and said IDWT 1s simulta-
neously applied to each level of said two-level FDWT,

15. The method in claim 12, wherein said partitioning
comprises a Mallat two-dimensional FDWT,

16. A computer program product for processing signals,
saild computer program product comprising a computer
readable storage medium having a computer program stored
thereon for performing a method comprising:

transforming a signal 1into subbands by applying a forward
discrete wavelet transform (FDWT) to said signal,

10

15

20

25

30

10

partitioning said subbands into overlapping subband sub-
sets,

inverse transforming said overlapping subband subsets
into signal subsets by applying at least one inverse
discrete wavelet transform (IDWT) to said overlapping

subband subsets; and

combining said signal subsets to reproduce said signal.

17. The computer program product in claim 16, wherein
said IDW'T 1s applied to all of said subband subsets in
parallel.

18. The computer program product in claim 16, wherein
said 1nverse transforming includes performing lifting upon
said subband subsets to minimize an overlap between adja-
cent overlapping subband subsets.

19. The computer program product in claim 16, wherein
said partitioning 1s performed so as to minimize an overlap
between adjacent overlapping subband subsets.

20. The computer program product 1n claim 16, further
comprising discarding excess sample values that occur as a
result of overlap between adjacent overlapping subband
subsets.

21. The computer program product 1n claim 16, wherein
said transforming comprises dividing said subbands into a
highpass subband group and a lowpass subband group.

22. The computer program product 1n claim 16, wherein
said partitioning comprises a multiple-level FDW'T and said
IDWT 1s simultancously applied to each level of said
multiple-level FDWT.

23. The computer program product in claim 16, wherein
said signal subsets overlap.
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